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Abstract 
This paper aims at presenting an option to treat industrial waste water in order to protect water resources and to prevent 
damage to the environment. This complex process that targets the optimization of the entire technological process presupposes 
a new design of component processes so as to ensure an efficient cleansing of the waste water under conditions of production 
cost reduction. 
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Markets Queries in Finance and Business local organization. 
 
Keywords: production, costs, optimization 
1. Introduction 
Industrial waste water is an important source of pollution of natural water. To avoid pollution, waste water 
discharges are not permitted until the waste water has been treated through a series of mechanical, biological-
aerobic and non-aerobic, physical and chemical complex processes, so that the waste water reaches parameters 
that do not endanger the environment. 
For this reason, design must be supported by well-documented research and exploitation must follow and adapt 
the water treatment to inherent changes occurring in the industrial technological process.    
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2. Theoretical foundations 
Waste water is the main pollution source as a result of discharge into diverse receivers. Water pollution is the 
alteration of the physical, chemical and biological properties of water as a result of human action which makes 
water improper for use. The composition of waste water depends on its origin: household waste or industrial 
waste water. In order to avoid pollution of natural waters waste water discharge (Roúu & CreĠu, 1998) is allowed 
only after water treatment so as to reach parameters that do no harm to the environment (Puúcaú, 2003). Discharge 
water parameters are regulated by normatives NTPA 002/2002 for sewage water and NTPA 001/2002 for 
discharges into natural receivers. In order to achieve these parameters water treatment differs in accordance with 
the water origin. Treatment generally consists of mechanical, physical and chemical or biological – aerobic or 
anaerobic processes. Waste water treatment is a complex procedure that must take into account the protection of 
the water resource as well as prevention of environment pollution (Stahl, 1995). The best processes are designed 
in such a way as to ensure an efficient cleaning of waste water as well as a cost reduction (Parker, 1998).  
Many processes are based on chemical proportioning of chemical substances respectively controlled and 
automated processes. Depending on the nature of waste water physical, chemical or biological solutions are 
proposed in accordance with currently valid laws: 
• neutralization of pH values: controlled proportioning of acids /alkalines;  
• oxygen concentration control in ventilation basins of municipal water treatment facilities;  
• controlled proportioning of reduction/oxidation agents to decontaminate process water that contains 
chromium or cyanide;  
• phosphate precipitation: proportioning iron chloride (III); 
• optimum clotting of precipitable: polymer solution proportioning;  
• removal of precipitable pollutants from the gravity filter;  
• sludge draining by polyelectrolyte batching;  
• desalting of water through reverse osmosis;  
• in some countries they apply the controlled proportioning of disinfectants in the clearing basin and destruction 
of excessive disinfectants before the waste water is discharged into nature (Roúu, 1999). 
3. Production cost optimization in the treatment of industrial waste water 
Industrial waste water is characterized by a varied composition (bacterial pathogens, slurry, biodegradable 
substances, toxic substances) which have a negative influence on quality (Kuchler, 1981) of receivers. Important 
modifications in the composition of waste water can appear within the same enterprise as a result of changes 
occurring in the structure of production or the technological process.  
Knowing the industrial technological (Ishikawa, 1985) process may help establish the origin and quality 
features (Juran & Gryna, 1995) of waste water and represents one of the basic conditions in the elaboration of 
processes that will eliminate pollution in industry.  
This presupposes a complex process of optimization of the entire technological process, respectively a new 
design of its component processes (Tang et al., 1987), so as to ensure an effective cleansing of waste water under 
conditions of industrial production cost reductions (Faria et al., 2010).  
3.1. Industrial residual water treatment technological process 
This study was performed inside the company SC Allcolors Serv Srl in România, a national leader in the field 
of electrostatic field painting. In order to obtain more efficient chemical treatment with a reduced cost the 
company’s top management decided to optimize the technological process of chemical treatment, following a 
careful and thorough analysis. With this end in view, the processes of the chemical treatment technological 
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process were redesigned in order to decrease the cost of chemical treatment of waste water and environment 
protection by recycling the water in the production workshops (D’Ouville et al., 1998). 
Description of the technological process 
Following reception, the customer’s products are introduced onto the production line and are chemically 
degreased, capped and deoxidated, respectively passivated according to the description and parameters in the 
following tables, depending on the typology of the material used in their making. 
3.2. Pretreatment of aluminium products 
Raw products received from customers can be painted only after they were cleaned of impurities, oils, grease, 
mechanical processing residues etc., followed by a superficial surface capping and the application of a conversion 
layer that will facilitate and secure the adherence of the layer of paint to the products’ treated surface (Spencer 
& Watson, 1997). In between the three main phases, respectively before and after they undergo washing, 
respectively neutralization of the solutions on the products by water showers with industrial, mineral-free water. 
A brief description of the stages is in Table 1. 
Table 1. The stages of the pretreatment of aluminium products 
Step Parameters Limits 
Tap water rising Conductivity Max. 5000 μS/cm Temp. 20-40o C 
Degreasing 
Temperature 
Concentration 
Time 
Temp. 45-60o C 
3-6 g/l 
3-6 min 
Tap water rising Conductivity Max. 5000 μS/cm Temp. 20-40o C 
Tap water rising Conductivity Max. 3000 μS/cm Temp. 20-40o C 
Etching 
Temperature 
Concentration 
Time 
Temp. 20-40o C 
4-5 g/l 
3-6 min 
Tap water rising Conductivity Max. 2000 μS/cm Temp. 20-40o C 
D.I. water rising Conductivity Max. 30 μS/cm Temp. 20-40o C 
Pasivation 
Temperature 
pH 
Time 
Temp. 25-30o C  
2.5 - 3.2 
3-6 min 
D.I. water rising Conductivity Max. 30 μS/cm Temp. 20-40o C 
3.3. Pretreatment of iron/steel products 
As with the pretreatment of aluminium products, iron or steel products go through the cleaning and treatment 
stages through the showers in the chemical pretreatment shower (Table 2), with some differences, specific to the 
material typology used for products, respectively through washing and neutralization of solutions with industrial, 
mineral-free water, that is: 
Table 2. The stages of the pretreatment of iron/steel products 
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Step Parameters Limits 
Tap water rising Temperature 
Pressure 
Temp. of environment 
1.5 - 2 bar 
Degreasing 
Temperature 
Concentration 
Time 
Pressure 
Temp. 50-60o C 
2-5 g/l 
1-3 min 
1.5 - 2 bar 
Tap water rising Conductivity Pressure 
Max. 800 μS/cm 
1.5 - 2 bar 
D.I. water rising Conductivity Pressure 
Max. 50 μS/cm 
0.7 - 1 bar 
Pasivation 
Temperature 
pH 
Time 
Pressure 
Temp. of environment  
4.0 - 4.2 
1-3 min 
0.7 - 1 bar 
D.I. water rising Conductivity Pressure 
Max. 150 μS/cm 
0.7 - 1 bar 
D.I. water rising Conductivity Pressure 
Max. 10 μS/cm 
0.7 - 1 bar 
3.4. Production costs of industrial waste water treatment 
During the technological process the water used to rinse products, regardless of the phase analysed, are 
subjected to a continuous treatment process (Crittenden, 2005) in the demineralization and filtering stations with 
the purpose to maintain the necessary parameters, to avoid non-conformities that can generate flaws (Tague, 
2004) and increase the cost of the final product, and the production cost implicitly (Albers, 1994).  
Contaminated waters are treated by applying neutralization operations, clotting, separation and filtration 
realised with a waste water treatment facility without which the working process would not correspond with 
regard to environment protection requirements and human/animal safety. The production unit would not receive 
approval to carry out their activity (Kang et al., 2013). 
Taking into consideration only the costs of waste water treatment in one basin of industrial residual water 
(14,4 m³) shown in detail in Tables 3, 4 and 5, the total necessary cost of water treatment in that basin can be 
highlighted after it is empty and a new water supply is added:   
Table 3.  
Waste water pretreatment cost 1 
Solutions Water AI. dipping bath 
Chemicals Quantity (kg/m3) 
Price 
(lei/kg) 
Waste water 
(m3) 
Total  
quantity 
Costs 
(lei) 
Acid 0.5 - 1.5 61.2 14.4 7.2 440.64 
Stabilizing agent  0.2 - 0.5 10.34 14.4 2.88 29.78 
Lime 1.25 10.93 14.4 18 196.74 
Flocculation agent 0.5 - 1.5 10.96 14.4 7.2 78.91 
Neutralizing agent 0.005 - 0.01 18.27 14.4 0.072 1.32 
Total T1 (lei) - - - - 747.39
Table 4.  
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Waste water costs 
Chemicals Quantity (m3) 
Price 
(lei/ m3) 
Waste water 
(m3) 
Total  
quantity 
Costs 
(lei) 
Water 14.4 2.78 14,4 14.4 40.03 
Total T2 (lei) - - - - 40.03 
Table 5.  
Electricity 
Equipment 
Power 
(kw/h) 
Capacity 
(m3/h) 
Price 
(lei/kw/h) 
Quantity 
(m3) 
Costs 
(lei) 
Pump A (1) 1.4 21.2 4847.18 14.4 4.61 
Pump B (7) 0.09 0.3 4847.18 14.4 146.58 
Motor A (2) 0.25 - 4847.18 14.4 58.17 
Motor B (1)  0.12 - 4847.18 14.4 27.92 
Pump C (1) 1.27 21.2 4847.18 14.4 4.18 
Pump D (1) 1.27 21.2 4847.18 14.4 4.18 
Total T3 (lei) - - - - 237.27 
From the analysis made results the final cost for treating a quantity of 14,4 m³ of residual water, respectively 
a cleansing bath on the pretreatment line of products 
3.5. Optimization of the technological process. Reducing production costs 
The technological process is conceived in such a way as to wash the products before each chemical treatment 
(Kawamura, 2000) to remove various types of dirt and impurities and to protect the next bath in this case the 
degreaser bath. The order the pretreatment baths is highlighted in the description of the technological process.  
The idea that was implemented as regards the technological process is the following (Fig.1): instead of the 
general jet wash with industrial water (B.) on the ferrous materials chemical pretreatment line (1.), used degreaser 
soda and outside the parameters in the working instruction in the degreaser bath (A.), (still active from a physical 
and chemical point of view) from the non-ferrous chemical pretreatment line IM (3.) (outside admitted working 
parameters) will be used in the place of a new industrial water quantity necessary on the chemical pretreatment 
line for ferrous products. Schematically, this idea is represented thus: 
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Fig.1. Optimization of the technological process of industrial waste water treatment 
In this way, it can be seen that instead of the degreaser solution in the degreaser bath (A.) treatment and 
processing systems is introduced to evacuate the water in the sewage system (Lindsten, 1984), being reintroduced 
into the pretreatment system instead of the jet wash (B.) on the ferrous pretreatment line(1.). 
The water from the jet wash basin (B.) will be evacuated and treated to be released in the sewage system, the 
cost of these maneuvers and transfusion as described above being presented in Tables 6, 7, 8 and 9. 
Table 6.  
Waste water pretreatment cost 2 
*Equipment AI. dipping bath 
Type Monthly 
amortization Days/month Hours 
Waste  
quantity (m3) 
Costs 
(lei) 
Pump A (1) 62.35 21 10 14.4 0.30 
Pump B (7) 62.35 21 10 14.4 0.30 
Motor A (2) 62.35 21 10 14.4 0.30 
Motor B(1)  62.35 21 10 14.4 0.30 
Pump C(1) 62.35 21 10 14.4 0.30 
Pump D(1) 62.35 21 10 14.4 0.30 
Total T 1.1 (lei) - - - -          1.80 
Table 7.  
Equipment AI. dipping bath 
Type Monthly 
amortization Days/month Hours 
Waste  
quantity (m3) 
Costs 
(lei) 
Forklift 1229 21 10 14.4 5.85 
Total T 2.1 (lei)                           - - - -          5.85 
 
Table 8.  
Fuel AI. dipping bath 
Fuel Cost Days/month Hours 
Waste  
quantity (m3) 
Costs 
(lei) 
Forklift 73 1 0.1 14.4 7.30 
Total T 3.1 (lei)                           - - - -          7.30 
Table 9.  
Human resources AI. dipping bath 
Category Salary/hour Days/month Hours 
Waste  
quantity (m3) 
Costs 
(lei) 
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Forklift 4.5 1 2 14.4 9.00 
Total T 4.1 (lei)                           - - - -          9.00 
 
Comparing the two costs obtained we can see that the proposed solution is much more cost-effective and more 
ecological, with a positive effect on environment protection measures.   
If three washbasins are regularly changes three times a year, a significant cost reduction is obtained and the 
ecological impact is also different. 
In the case of industrial waste water treatment, SC Allcolors Serv Srl in România reorganized the entire 
technological process by complex optimization strategies so as to ensure an efficient cleansing of waste water at 
the same time reducing production costs.  
4. Conclusions 
Even if the amounts obtained are not close to millions it can be highlighted that the company applied a 
responsible management with regard to production cost reduction and to the protection of the environment, the 
effort to realize and implement the idea not being small. 
This effort resulted in the ranking of the company among those who willingly and consciously take 
responsibility to employees and the society at large with regard to environment protection.  
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